Introduction
============

Primary percutaneous coronary intervention (PCI) is currently the treatment of choice for patients presenting with ST-segment elevation myocardial infarction (STEMI). With improvements in health care, the life expectancy of the elderly population has increased. The proportion of octogenarians in the general population is expected to triple by the year 2050.[@b1-cia-9-1241] Even though octogenarians constitute an important high-risk subgroup of patients with STEMI, they are frequently under-represented in clinical trials, and advanced age is considered an independent risk factor for the early morbidity and mortality associated with PCI for STEMI.[@b2-cia-9-1241],[@b3-cia-9-1241] Poorer outcome is influenced not only by extensive coronary artery disease but also by more complex comorbidities.[@b4-cia-9-1241] In addition, elderly patients are considered more likely than younger patients to suffer complications following revascularization procedures.[@b5-cia-9-1241] The issue of PCI in octogenarians with STEMI is attracting increasing attention. In this review, we identified relevant papers from Medline and PubMed using the search terms "octogenarians", "percutaneous coronary intervention", and "ST-segment elevation myocardial infarction". The references of these papers were also searched for relevant studies in the elderly. We included English language reports published up to March 2014 that provided data for PCI in octogenarians with STEMI. The review included the reasons for the high mortality and morbidity associated with PCI in octogenarians with STEMI, predictors of mortality, and strategies to improve outcomes.

Current status of primary PCI in the elderly with STEMI
=======================================================

Many retrospective studies comparing primary PCI with medical therapy in octogenarians with STEMI show that successful primary PCI in STEMI patients older than 75 years resulted in a reduction of early and long-term mortality when compared with patients treated medically.[@b6-cia-9-1241]--[@b8-cia-9-1241] Recently, the Western Denmark Heart Registry analysis of primary PCI in octogenarians and nonagenarians with STEMI showed that a total of 1,322 elderly patients were treated with primary PCI, which corresponds to 11.6% of the total STEMI population treated with primary PCI.[@b9-cia-9-1241] In another study, performed in Turkey, Oduncu et al[@b10-cia-9-1241] reported that 8.1% of the primary PCI population consisted of patients aged ≥80 years. However, recent temporal trend studies indicate that primary PCI does not significantly improve short-term and one-year survival rates in this high-risk population. Claessen et al reviewed 379 octogenarians (8.4% of the total population with STEMI) treated with primary PCI between 1997 and 2007. In the total cohort of patients (n=379), 30-day mortality was 21% (n=81) and one-year mortality was 28% (n=107). There was no improvement in survival among octogenarian STEMI patients over the 11-year study period.[@b11-cia-9-1241] Yamanaka et al retrospectively analyzed 1,494 octogenarians with acute myocardial infarction who underwent PCI with drug-eluting stents. They found that rates of one-year all-cause death were significantly higher in octogenarians than in nonoctogenarians (22.3% versus 6.5%; *P*\<0.001).[@b12-cia-9-1241] Therefore, there remains significant controversy with regard to treating octogenarians with STEMI, given the observed risk of complications with increasing age and the paucity of trials demonstrating the benefits of PCI in the octogenarian cohort. Further randomized clinical trials aiming to identify the optimal STEMI management strategy for octogenarians are warranted.

Is primary PCI better than thrombolysis in the elderly?
=======================================================

To date, only three randomized studies have specifically addressed the issue of primary PCI versus fibrinolysis in the elderly. In the Zwolle[@b13-cia-9-1241] study, the 46 patients allocated to primary PCI showed a lower 2-year mortality rate when compared with those treated by streptokinase (15% versus 32%, respectively; *P*=0.04). The larger as yet unpublished Senior PAMI (Primary Angioplasty in Myocardial Infarction) trial (ClinicalTrials.gov identifier NCT00136929),[@b14-cia-9-1241],[@b15-cia-9-1241] which included 481 patients older than 70 years, failed to document a difference between primary PCI and fibrinolysis with regard to primary outcome (30-day mortality or stroke) or mortality. TRIANA (TRatamiento del Infarto Agudo de miocardio eN Ancianos \[Treatment of acute myocardial infarction in the elderly\]) was a randomized multicenter, open-label, clinical trial that included patients aged ≥75 years who presented with STEMI within the first 6 hours after symptom onset.[@b16-cia-9-1241] The primary endpoint was reached in 25 (18.9%) patients in the primary PCI group and 34 (25.4%) in the fibrinolysis group (odds ratio \[OR\] 0.69; 95% confidence interval \[CI\] 0.38--1.23; *P*=0.21). Similarly, nonsignificant reductions were found in rates of death (13.6% versus 17.2%; *P*=0.43), reinfarction (5.3% versus 8.2%; *P*=0.35), and disabling stroke (0.8% versus 3.0%; *P*=0.18). Recurrent ischemia was less common in patients treated by primary PCI (0.8% versus 9.7%; *P*\<0.001). A pooled analysis of the above three randomized controlled trials performed in very old patients showed an advantage of primary PCI over fibrinolysis in reducing death, reinfarction, and stroke at 30 days (OR 0.64; 95% CI 0.45--0.91).[@b16-cia-9-1241]

In a study including 130 consecutive elderly patients, Goldenberg et al[@b17-cia-9-1241] found that primary angioplasty with routine stenting in elderly patients with acute myocardial infarction was associated with better clinical outcomes and a lower risk of bleeding complications when compared with thrombolysis. The community-based perspective study by Mehta et al in the elderly (aged ≥70 years) with STEMI showed that primary PCI was associated with a decrease in reinfarction and mortality when compared with thrombolytic therapy.[@b18-cia-9-1241] In a cohort study that included 37,983 patients (aged 65 years or older) with acute myocardial infarction,[@b19-cia-9-1241] after adjustment for demographic, clinical, hospital, and physician factors, as well as cointerventions, only primary angioplasty was associated with better survival at 30 days, although both thrombolytic therapy and primary angioplasty were associated with a survival benefit at one year when compared with no therapy.

Taking all these data together, we conclude that primary PCI may offer a clinical advantage over fibrinolytic therapy in octogenarians. However, we need to address two points regarding reperfusion therapy in octogenarians with STEMI. First, when a skilled PCI operator/team is available and can perform the invasive procedure without delay (ie, door to balloon time \<90 minutes or within one hour of administration of fibrinolysis), it is preferable to take the STEMI patients to the catheterization laboratory rather than administer fibrinolysis.[@b20-cia-9-1241] Second, when the diagnosis is in doubt, primary PCI is clearly preferred; not only does it provide important diagnostic information regarding the patient's symptoms, but it also decreases the risk of major bleeding associated with fibrinolysis.

Reasons for high mortality and morbidity in the elderly with STEMI
==================================================================

The high mortality rates in this patient population can be explained as follows. First, the effects of advancing age itself, including decreased vascular compliance, ventricular hypertrophy and remodeling, diastolic dysfunction, and diminished response to adrenergic stimulation, increase the risk of heart failure and cardiogenic shock in octogenarians with STEMI.[@b21-cia-9-1241] Second, their presenting symptoms may be atypical. Electrocardiographic changes are more often equivocal in the elderly, because of, eg, pre-existing bundle branch block or residual ST-elevation from previous infarcts wall, and make electrocardiographic interpretation challenging.[@b22-cia-9-1241] Cardiac troponin elevation can be seen in conditions other than STEMI, and many of these conditions are increasingly prevalent with age.[@b23-cia-9-1241] All of these factors can increase the time between onset of symptoms and primary PCI therapy, thus adversely affecting the outcome.[@b5-cia-9-1241] Third, during the intervention procedure, octogenarians are more likely to have a suboptimal angiographic result (post-procedural TIMI \[Thrombolysis In Myocardial Infarction\] flow grade \<3) after primary PCI. Claessen et al[@b11-cia-9-1241] found significantly lower post-procedural TIMI flow grade 3 rates in octogenarians receiving primary PCI compared with younger patients (78% versus 92%, respectively; *P*\<0.01). Fourth, it is not surprising that octogenarians are more likely to have coexisting acute and chronic medical problems.[@b24-cia-9-1241] An increased prevalence of significant peripheral vascular disease augments the risk of vascular complications during PCI.[@b25-cia-9-1241] The increased prevalence of chronic kidney disease in octogenarians increases the risk of acute renal dysfunction after primary PCI.[@b26-cia-9-1241] Further, the larger number of elderly with diabetes and multivessel coronary heart disease contributes to both procedural complexity and the overall prognosis. Metabolic abnormalities may not be recognized until primary PCI is performed, even though such comorbid conditions may significantly affect the overall management and outcome.[@b27-cia-9-1241],[@b28-cia-9-1241] Finally, shock is the strongest predictor of unadjusted one-year mortality, with an OR of 9.37.[@b5-cia-9-1241] A higher percentage of octogenarians were reported to present with shock (12%) compared with those aged younger than 80 years (8%).[@b20-cia-9-1241]

Predictors of mortality in the elderly with STEMI
=================================================

Octogenarians have significant high-risk baseline demographic and clinical features, such as diabetes, hypertension, renal failure, anemia, cardiogenic shock, cognitive dysfunction, peripheral artery disease, longer door to balloon time, higher baseline brain natriuretic peptide, and higher C-reactive protein levels.[@b12-cia-9-1241],[@b24-cia-9-1241],[@b29-cia-9-1241] Further, elderly patients not only have preinterventional characteristics that are high risk for major cardiac events, but also have poor interventional characteristics, including tortuous peripheral arteries, more severe diffuse and calcified coronary artery disease, worse interventional success rates, and lower rates of post-procedural TIMI 3 blood flow and ST-segment resolution.[@b11-cia-9-1241],[@b29-cia-9-1241] However, among so many risk factors, which are the most important independent predictors of mortality? Recent studies have evaluated the predictors of clinical outcome after primary PCI in octogenarians with STEMI. A Dutch study performed in an unselected, consecutive, complete cohort of octogenarians receiving primary PCI and a matched control group revealed that the most direct predictor of 30-day mortality as well as one-year mortality was cardiogenic shock at initial admission (present in 18 octogenarians versus eleven nonoctogenarians). Moreover, age and post-procedural TIMI flow \<3 were independent predictors of mortality at 30 days and one year.[@b30-cia-9-1241] Sakai et al[@b31-cia-9-1241] found that overt cardiogenic shock on arrival, anterior myocardial infarction, unsuccessful reperfusion, age \>85 years, and female sex were independent predictors of 30-day mortality in a Japanese study of primary PCI for STEMI in the elderly aged ≥75 years. Tok et al[@b32-cia-9-1241] found that independent predictors of major adverse cardiovascular events after primary PCI in octogenarians included Killip class at admission (OR 4.98, 95% CI 1.25--19.8; *P*=0.02) and TIMI flow rate after primary PCI (OR 3.42, 95% CI 1.19--10.76; *P*=0.04). In a report from the American College of Cardiology National Cardiovascular Data Registry, the variables associated with increased mortality were increasing age, recent myocardial infarction and its timing relative to the PCI procedure, renal failure, lung disease, peripheral vascular disease, and ejection fraction \<60%.[@b33-cia-9-1241]

Overall, hemodynamic disturbances, including heart failure, cardiogenic shock, and TIMI flow grade after primary PCI are the most important independent predictors of mortality in octogenarians receiving primary PCI.

Strategies to improve outcomes
==============================

With continued refinements in preprocedural evaluation and preparation, the revolution in primary PCI techniques, prevention of severe complications after PCI, and improved post-procedural management, primary PCI can be performed in octogenarians with acceptable results. Pagé et al[@b34-cia-9-1241] described temporal trends in revascularization and outcomes after acute myocardial infarction among the very elderly. Their study found that, between March 1996 and March 2007, use of PCI increased from 2.2% to 24.9%, and evidence-based prescriptions of medication increased over time (*P*\<0.001). One-year mortality improved over time (46.5% for 1996--1999 versus 40.9% for 2003--2006; *P*\<0.001), while the prevalence of reported comorbidities was higher during the 2003--2006 period than during the 1996--1999 period. Although some pre-existing risk factors could not be modified or corrected in a timely manner, several strategies could still be used to improve the outcome.

Preintervention evaluation
--------------------------

Physicians must be aware that primary PCI is an effective revascularization strategy to treat octogenarians with STEMI, but careful preintervention evaluation, early detection of anemia, infection, peripheral vascular disease, and kidney dysfunction, measures to decrease the volume of contrast medium used during the intervention, and particularly prevention of access site bleeding should be regarded as being as important as opening the coronary artery, particularly considering the effects of these factors on long-term mortality.

Prevention of major bleeding
----------------------------

Patients over 80 years of age with STEMI undergoing primary PCI are at high risk for bleeding complications.[@b35-cia-9-1241] Oduncu et al[@b10-cia-9-1241] reported that half of their very elderly patients with STEMI had baseline anemia, with 9.5% having major bleeding and 19% needing transfusion during the in-hospital period. The CathPCI Registry study[@b36-cia-9-1241] evaluated trends in use of bleeding avoidance strategies (direct thrombin inhibitors, vascular closure devices, and radial access) and risk-adjusted bleeding over time. Of 10,469 patients aged older than 80 years undergoing primary PCI, 1,002 (9.6%) developed a bleeding complication. In multivariable analysis, use of bleeding avoidance strategies was associated with a lower risk of bleeding.

Recent studies showed that transradial primary percutaneous intervention, particularly by preventing access site bleeding, was associated with a significant mortality advantage when compared with the femoral approach.[@b37-cia-9-1241] The RIVAL (Radial versus femoral access for coronary angiography and intervention in patients with acute coronary syndromes) (ClinicalTrials.gov identifier NCT01014273) investigators reported a significantly lower rate of vascular complications in their randomized, parallel-group, multicenter study of patients undergoing PCI for STEMI, resulting in a reduction in overall mortality in the radial access group.[@b38-cia-9-1241] The transradial approach may also increase the success rate of primary PCI in the elderly by circumventing the procedural problems related to peripheral artery disease (which is very frequent in those over 80 years of age), and may overcome the difficulty in passing through tortuous femoral, iliac, abdominal, and thoracic aortae.

Accordingly, antithrombotic treatment should also be tailored in patients over 80 years of age to prevent major bleeding events. Bivalirudin, a direct thrombin inhibitor, has gained a Class Ib recommendation as a supportive measure for primary PCI.[@b39-cia-9-1241] A prespecified age subgroup analysis of the ACUITY (Acute Catheterization and Urgent Intervention Triage Strategy) study has recently demonstrated that although there were no significant differences in efficacy, the benefit of bivalirudin in terms of absolute reduction in bleeding events is most pronounced in patients \>75 years of age.[@b40-cia-9-1241]

Overall, the presently established strategies to prevent major bleeding in octogenarians include adjusting doses of glycoprotein IIb/IIIa inhibitors, using enoxaparin for patients with renal insufficiency, considering use of bivalirudin for primary PCI, considering low-dose aspirin (81 mg) for chronic antiplatelet therapy, and avoiding triple anticoagulant therapy (aspirin, clopidogrel, warfarin) when possible. Potential strategies include adjusting doses of aspirin and clopidogrel based upon point-of-care platelet function assays and selecting the radial artery routinely for arterial access.

Prevention of contrast-induced acute kidney injury
--------------------------------------------------

Contrast-induced acute kidney injury is known to be associated with both urgent procedures and advanced age. The volume of contrast medium used during urgent coronary intervention tends to be relatively higher than in elective procedures. Accordingly, adequate hydration before and after exposure to contrast medium, along with avoidance of nephrotoxic drugs, remains the recommended prophylaxis for acute kidney injury.[@b41-cia-9-1241] Recent clinical evidence does not support the use of N-acetylcysteine for prophylaxis against acute kidney injury.[@b42-cia-9-1241],[@b43-cia-9-1241]

Treatment of cardiogenic shock
------------------------------

Cardiogenic shock is a complication in approximately 5%--8% of patients presenting with STEMI[@b44-cia-9-1241] and remains the leading cause of death after hospitalization. Although we emergently revascularize occluded coronaries in cardiogenic shock (SHOCK: SHould we emergently revascularize Occluded Coronaries in cardiogenic shocK) trial,[@b20-cia-9-1241] no benefit of revascularization was found in patients over 75 years of age. However, several recent larger observational studies have shown benefits of early revascularization in the elderly with cardiogenic shock.[@b45-cia-9-1241],[@b46-cia-9-1241] In the large SHOCK registry (1993--1997),[@b45-cia-9-1241] which included 277 elderly patients, in-hospital mortality for patients aged ≥75 years was 48% with early revascularization (within 18 hours of myocardial infarction) compared with 81% in the late or no revascularization group (*P*=0.0002). Similarly, a study of cardiogenic shock at the Mayo Clinic between 1991 and 2000 evaluated patients aged ≥75 years (n=61) undergoing urgent PCI, and the in-hospital mortality rate was 44% with a 30-day mortality of 47%.[@b46-cia-9-1241] The high rate of early reperfusion, stent deployment, and glycoprotein IIb/IIIa inhibitor use may be the reasons for the comparable outcomes between octogenarians and younger patients. These data suggest that benefit is possible with selective use of early revascularization in octogenarians presenting with cardiogenic shock, and more prospective studies need to be performed for further conclusions.

Prevention of slow reflow or no reflow
--------------------------------------

Slow reflow and no reflow are frequent findings in patients with STEMI treated by primary PCI. Octogenarians are more likely to have a suboptimal angiographic result (post-procedural TIMI flow grade \<3) after primary PCI. In recent years, various pharmacologic and nonpharmacologic approaches have been used as adjunctive therapy to PCI to enhance myocardial reperfusion and salvage and to improve the outcome in patients with STEMI. Although many types of medication, including adenosine, sodium nitroprusside, nicorandil, and other agents have recently been tested as adjunctive therapy to PCI in patients with STEMI,[@b47-cia-9-1241] the available evidence is not strong enough to recommend that any of these interventions be routinely used as an adjunct to primary PCI in patients with STEMI.

Apart from the abovementioned pharmacologic agents, mechanical devices have been developed to prevent distal embolization. Although a meta-analysis[@b48-cia-9-1241] supports the use of catheter thrombus aspiration during primary PCI to improve microvascular reperfusion and to decrease deaths and adverse cardiac events, there is no strong evidence that distal embolization protection and manual aspiration devices can effectively prevent distal embolization,[@b49-cia-9-1241],[@b50-cia-9-1241] at best, no evidence in the elderly.

On the basis of the current evidence, the decision to perform primary PCI in the elderly should not be based on chronological age alone, but rather on each patient's general eligibility for revascularization and the clinical circumstances as a whole.

In summary, primary PCI is currently the most preferred reperfusion strategy in the elderly; however, it is widely accepted that primary PCI in the elderly is more challenging for a variety of reasons, such as their more complex coronary anatomy, the increased rate of bleeding complications, increased rate of vascular complications, and increased prevalence of comorbidities. Future prospective studies in the elderly, especially octogenarians, with STEMI are needed in order to evaluate the effectiveness and safety of primary PCI in this patient population.
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